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The CuCl powder compacts are found to exhibit d.c. voltage dependent 
resistivity. The resistivity drops by six orders of magnitude when the 
applied voltage exceeds a critical value V,. V, is found to decrease with 
the increase in pressure. The h M  conductin phase shows a ppsitive tem- 
perature coefficient of resistance at 1 atm 0 f O . 0 0 4 ~ C ~ ~  which increases 
with pressure at a rate 0.0004°,C-iGPa-i. It is suggested that the 
pressure induced.trysition reported at 4 GPa could arise from the 
application of d.c. voltage. 
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PAPER the d.c. voltage-current characteristics 
owder compacts at atmospheric and higher 
es are reported. The resistance of the sample is 
to be voltage dependent and exhibits a nearly six 
of magnitude drop when voltage above a critical 
the sample. The temperature- 
f resistance in the conducting phase has 
were prepared [ I ]  by heating at 
tical grade CuC12 in 
urity vacuum distilled glycerol. The 
e as follows: SO1, Fe, 
Ba-0.005%; alkalis and other metals as 
- 0.1%. The CuCl precipitate was fdtered, 
d dried in vacuum. The resulting 
powder was heated at 20OoC in a 
as continuously evacuated to 
ethanol. The tube was 
45OOC for 3 days. The 
f CuCl condensed in the cooler region of the 
condensate was removed, sealed in a fresh 
ess was repeated. The vapour 
ted powder was preserved in dark under dry 
atmosphere. The X-ray diffraction patterns 
d that the sample was CuCl with zinc blende 
cture and no other phase was prese'nt. 
The experimental arrangement [2], used to measure 
of the sample at atmospheric pressure, 
teflon cylinder (13 mm long, 3 mm i.d. 
.)contained in a pyrophyllite cube (cube 
3 mm). The sample sandwiched between two 
r electrodes (3 mm dia., 0.1 mm thick) was placed 
the teflon cylinder. The remaining seace was faed 
plugs (3 mm dia., 6 mm thick). The 
resistance measurements were made after 
s pressurised at 0.2 GPa in a cubic 
gihe sample assembly. The measurements at 
388 
high pressures were carried out with a tungsten carbide 
opposed anvil set-up. 
The resistance of the sample was measured by 
applying a known d.c. voltage and measuring the result- 
ing current. The voltage was increased in steps of 80 mV. 
After each voltage increase, a waiting period of 1 min 
was allowed before noting the readings. In the conduct- 
ing phase the resistance was measured by passing 10 mA 
d.c. current through the sample and measuring the result- 
ing voltage. 
The plot of log (R /R , )  against applied voltage Vat 
different pressures ( R ,  is the initial resistance of the 
sample) is shown in Fig. 1. It is observed that the resist- 
ance of the sample decreases with the increase in voltage 
and at a critical voltage V, it drops by nearly six orders 
of magnitude. In the conducting phase the resistance 
becomes independent of the applied voltage. The specific 
resistance of the conducting phase is nearly 50 R c m ,  
as compared to IO'ncm of the starting material. It is 
seen from Fig. 1 that V, tends to decrease with increase 
in pressure. Similar results were obtained with platinum 
electrodes. 
In similar experiments with a.c. voltage across the 
sample, the resistance was observed to be independent 
of the applied voltage and the conducting phase was not 
observed. 
The temperature coefficient of resistance (a) in the 
conducting phase was measured at various pressures by 
heating the anvils to nearly 60°C (room temperature 
27OC). It was observed that a was positive with a value 
of 0.004°C'' at one atmosphere. This value of a is 
close to those for metals. Further, a increased with 
increase in pressure at a rate 0.0004'C-iGPa-'. The 
standard deviation in OL was found to be 0.0002 in each 
run. However, the values of a from two different runs at 
the same pressure differed by as much as five times the 
standard deviation. 
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Fig. 1. Curve showing the variation c 
applied voltage at different pressure! 
. ,2.6;~,3.9;*,4.4GPa. 
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The sample in the conducting phase recovers its 
starting resistance on disconnecting the applied voltage. 
The time of recovery appears to depend on various 
factors such as the duration for which the sample was 
maintained in the conducting phase and the pressure of 
'the sample. The lower the pressure, the shorter was the 
recovery time. The recovery at nearly 1 atm 
was almost instantaneous, However, the recovery time 
was more than 3 days for a sample which was main- 
'tained in the conducting phase for 48 hr. 
A small emf was observed across the sample when 
the power supply was disconnected prior to the occur- 
rence of the conducting phase. The emf had the same 
polarity as the applied voltage and the magnitude was 
nearly 10% of the applied voltage. In the conduction 
phase the emf vanishes hut reappears when the sample 
reverts back t o  high resistance phase. When the sample 
is left to itself, the emf gradually decays. 
The dependence of the sample-resistance on the 
applied voltage shown in Fig. 1 is typical of the behav- 
iour observed in the case of CuCl. The resistance and 
the V, values obtained from different runs made at 
the same pressure differ occasionally by as much as 30%. 
However, the conducting,phase is found to occur with a 
positive temperaturecoefficient in all the runs. The 
tendency for V, to decrease with increase in pressure 
is also urnistakeable. 
The origin of the voltage induced conducting phase 
is not clear at this stage. However it is instructive to 
recall the theories [3,4] which have been put forward 
to explain the pressure induced conducting phase occur- 
ring at 4GPa [S]. It is believed [S] that CuCl under 
pressure has a tendency to disproportionate according to, 
the reaction 
The freed copper, according to Blount and Phillips 141, ~ 
is in the form of Guinnier-Reston transitional precipi- 
tate, and gives rise to the high conducting phase (51. One 
could think of a similar disproportionation taking place 
when electrical current is passed through the sample. The 
fact that the temperature coefficient of resistance of the. 
conducting phase has a value close to that for metals 
lends an indirect support t o  this explanation. Since the 
sample regains the original resistance on disconnecting ., 
the power supply, it may be necessary to postulate a 
reproportionation reaction which is reverse of equation 
,(I). However, a reproportionation reaction is hard to 
'visualise if the free copper is in the form of precipitates.' 
Alternatively, the disproportionant CuCl can be thought 
of as a system wherein segregating copper atoms occugy 
octahedral sites and an electron from a small region of 
segregating copper creates a virtual exciton across the 
boundary to the charge ordered state 131. Clearly, a ; 
!successful theory should explain the reversible nature o? 
the conducting phase and the positive 01. 
The decrease in V ,  with increase in pressure indi. ' 
cates a higher tendency for disproportionation at hi&! 
pressure, if it is assumed that the conducting phase ' 
,arises because of disproportionation. The pressure j 
,dependence of V .  may arise from two distinct sources;i 
one is the true pressure effect and the other is the plasti 
'deformation caused when the sample is pressurised 
between the anvils. The line and the plane lattice defect 
produced during this plastic deformation may act as thf 
possible sites for the segregation of free copper when a: 
'd.c. voltage is applied. Thus, the higher the pressure th! 
larger will be the number of lattice defects. This can 
qualitatively explain the decrease in V ,  with the increlf 
in pressure. 
The resistivity of CuCl has been reported to decre/ 
by nearly six orders of magnitude at 4 GPa [ 51; t h i s  w1! 
attributed to a pressure-induced transition. Since, the 
voltage-induced conducting phase also exhibits a reds' 
tance drop of similar magnitude in passing from the ~ 
insulating to the conducting phase, it is tempting tom( 
'an attempt t o  explain the pressure-induced conducting 
phase as a transition triggered by the application ofvol 
age. The typical currents passed through the sample to? 
measure the resistance was nearly 1 PA [S]. Taking t$ 
resistance of the sample as 106CL2, 1V is required to ,'.i 
,pass 1 PA through the sample. It is seen from Fig. 1 4 
4 
2 C U C I - + c u + c u C l ~ .  (1) 
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Mahendra Prasad, J. chem. SOC. Faraday Transactions I, 
471 (1974)) for the reaction 2cuc1+ c u  + c U a 2 .  The 
copper fdaments by electrolysis. 
at 4 CPa, V, is nearly 0.8 V. Thus the voltage 
lied to measure the resistance could have caused a 
nducting phase in fie experiments of Chu eta[, [ 5 ] .  phase may arise from the formation of 
a will remain unexplained. The a for the volt- 
ced conducting phaseis positive while it is 
ive [ S ]  for the pressure induced conducting phase. REFERENCES 
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